ABSTRACT
INTRODUCTION

1
Detailed knowledge of traffic demand on a highway system is critical for the maintenance, 2 operation, and expansion of the system. Traditionally, traffic volume is measured using automatic 3 traffic recorders (ATRs) placed along the roadways. These traffic monitoring systems are able to ATR sites primarily on more heavily travelled routes in the state highway system (2). 9 Currently MDT uses portable ATR equipment to capture additional and critical traffic flows on 10 more than 5,000 segments of highway throughout the state. These portable traffic counts are 11 performed for 36 to 48 hours one time every three years. Therefore, the timing and siting of the 12 short-term count can have a significant impact on the reported annual average daily traffic (AADT) 13 on a given highway segment. 14 Complicating the collection of traffic data using short-term portable ATR equipment is the 15 temporal variation in vehicle operations seen throughout the year. Much of the temporal variation 16 is associated with traffic from industries such as agriculture, tourism, and resource extraction, 17 industries that are a significant part of Montana's economy. As is the case for many industries, trucks take to the road network to transfer the harvest from the fields to storage, processing or 31 loading facilities. In Montana, these movements often last for a few weeks from late July to mid-32 September.
33
Measuring traffic in regions with low population can be a low priority. This is due in part to low To offer some perspective on the background traffic environment these movements occur in, Directly relating location of agricultural production (at the field level) and grain elevator locations 8 is a relatively novel approach to determining traffic demand caused by agriculture at the route 9 level. That being said, using traffic demand models for predicting commodity flows at the route 10 level, specifically oil production, has been researched for MDT (5). The study (5) utilized a GIS 11 to aggregate oil production data based on the United States Geological Survey (USGS) Land 12 Survey System. Townships were used as the traffic analysis zones (TAZs). Use of a four-step 13 model for commodity flow has also been outlined in NCHRP Report 606 (6). This model shares 14 many similarities with a passenger trip model, but differs by using tons of commodities instead of 15 passenger trips.
16
A study (7) published a state-of-practice report presenting a variety of freight forecasting models.
17
In this report, five models were presented: 1) direct facility flow factoring, 2) origin/destination 10 where is travel time on segment/route n; is the free-flow travel time computed as segment 11 length divided by speed limit; is the hourly volume on segment n; is the capacity of the 12 segment. Values of the parameters ( and ) depend on the capacity and speed limit of road 13 segments, with typical values suggested in (9).
14
The user-equilibrium model is formulated as an optimization program: Table 2 . For this work it will be assumed that harvest season traffic is evenly 20 distributed across the 52 days from July 22 through September 13. Location and capacity data for grain elevators were obtained from the Montana Wheat and Barley 42 Committee. This data set gives the point location, silo capacity, and rail capacity for each grain 43 elevator in Montana. This data was combined with the township data in a similar manner as the 8 Forsythe, Stephens, and Wang ground cover raster data. The final result of the data aggregation phase is a polygon data set with 1 the attributes given in Table 4.   2   Table 5 Comparing the model results to locations that have reliable information about heavy truck traffic 23 is necessary so that it can be shown that the model is within expected ranges. Table 6 
CONCLUSION
41
Using portable short-term ATR equipment to capture traffic flow on a highway system is necessary 42 due to the infeasibility of using permanent ATR equipment on every highway segment in a system. specifically heavy truck traffic due to agricultural activities. It has been shown that a four-step 5 model using the locations of major crops and the locations of grain elevators can be used to predict 6 tonnage of product that will be added to specific routes on the road network. This data can then 7 be compared to published heavy truck traffic data to locate sites that may have underrepresented 8 traffic flows. While this work looked specifically at three crops, the method could be applied to 9 any resource flow that has known origin and destination information. 10 Limitations of this work includes several simplifying assumptions that were made and the lack of 11 field measurements of vehicle flows. First, the production of agriculture commodity was 12 estimated assuming the unit yield remains constant over space, while the attraction of agriculture 13 commodity was assumed to equal the capacity of grain elevators. These assumptions could be 14 refined by using more realistic production and attraction estimates from surveys of the local 15 agriculture industry. Second, the routing method used here overlooks restrictions such as bridge 16 and culvert structure that may impose weight or dimension limits. Lastly, the estimated truck 17 volume from the selected segments shows sizable discrepancy from the observed volume 
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